
 

 

Thanks to C.M. Lerici Foundation, I had the opportunity to do a two-month internship at 

Chalmers University of Technology, with the aim of enriching my final thesis for my 

Master's Degree in Chemical Engineering at Politecnico di Milano. The project, which 

took place in the Swedish university's Chemistry and Catalysis laboratories, focused on 

one of the most discussed issues nowadays: cars and the environmental impact of their 

exhaust gases. 

Catalytic mufflers are characterised by different types of filters, and it is their optimisation 

that enables car manufacturers to produce vehicles that comply with stringent European 

regulations.  

The focus in this project is on zeolites, which are one of the best choices for catalytic 

filters and it has been noted in the past that combining or impregnating them with specific 

materials increases their effectiveness. The catalyst synthesised and used in the tests is 

Cu-CHA zeolites. The performance of the catalyst is influenced also by the amount of 

silica and alumina present in the zeolite; to control this, the silica/alumina ratio, known 

as SAR, is defined. 

Cu-CHA zeolites with different SARs have been considered.  

The first month was spent synthesising the catalyst, with all steps ranging from Na-CHA 

zeolite to Cu-CHA zeolite, via H-CHA zeolite. I carved the zeolite into the desired shape 

and followed the production of the powder, from the initial mixing of the reagents to 

calcination, sieving and final impregnation. Once the catalysts are prepared, the plant is 

set up. Optical devices as DRIFTS and a reactor from the Department of Physics were 

used during the experiment. This brings us to the heart of the project and the second month 

of experience. After checking the stability of the system, DRIFTS was used. This optical 

device is a spectrometer which, thanks to the diffused and refracted IR rays in the cell 

where the powdered sample is located, allows its characterisation by producing spectra in 

graphs wavenumber vs absorbance. Each graph has peaks at certain wavenumbers, and 

these are the reflection of intramolecular chemical bonds in the molecule, which vibrate 

and alter as the infrared ray passes through. DRIFTS then allows the characterisation of 

the sample, highlighting frequency zones where there are peaks related to structural 

bonds, hydroxyl peaks and those of copper bonds, present as Cu2+ or CuOH. The 

intensities of the peaks, especially those of the copper, make it possible, in accordance 

with the literature, to highlight the difference between SAR 6 and SAR 15. In the first 

case, in fact, there is a much higher peak of Cu2+ than CuOH while in the second case the 

two peaks have approximately the same intensity. After characterising the sample by 



 

 

exposure to ammonia and NO using optical devices, we move on to flow reactors which 

are used to do activity tests with SCR conditions. In addition to SCR and fast SCR 

conditions, it is evaluated how the catalyst behaves under the action of SO2 and SO3. 

What happens is the deactivation of the catalyst, which is obviously undesirable. The 

conditions under which the catalyst is deactivated by exposure to SO2 and SO3 are 

analysed because must be avoided for commercial purposes. SOx are present in car 

exhaust gases and it is therefore necessary to treat or filter them before the SOx-rich flow 

meets the Cu-CHA zeolites filter, which is used instead for NOx removal. Studies on SO2 

and SO3 interacting with Cu-CHA zeolites in the literature are not many; it is still a fairly 

new and unexplored topic. This is why it is one of the most interesting challenges in the 

industry, also in view of the Euro 7 regulation. For obvious reasons of timing it was not 

possible to deal with the whole project, I stopped with the activity tests under SCR 

conditions. The chemical and microscopic approach to the problem and to the project was 

very stimulating, very different from the one in the Milan laboratories, which is more 

engineering and macroscopic. It was great to see the cooperation between the different 

departments and the mutual help to solve the unexpected problems that arose. It is 

definitely an experience I would recommend to everyone! 


